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Characteristics of PM2.5 Carbonaceous Aerosol
using PILS-TOC and GC/MS-TD in Seoul
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Abstract

Continuous Water-Soluble Organic Carbons (WSOC) by the Particle Into Liquid Sampler - Total Organic Carbon
(PILS-TOC) analyzer were measured at the Seoul intensive monitoring site from June 17 through July 5 in 2014. In

addition, the 24 hour integrated PM2.5 collected by Teflon and Quartz filters were analyzed for water soluble ions
by Ion chromatography (IC), WSOC by TOC from water extracts, organic carbon (OC), elemental carbon (EC) by
carbon analyzer using the thermal optical transmittance (TOT) method, and mass fragment ions (m/z) related to

alkanes and PAHs (Poly Aromatic Hydrocarbons) by Gas Chromatography-Mass Spectrometer-Thermal Desorption
(GC/MS-TD). Based on the statistical analysis, four different Carbonaceous Thermal Distributions (CTDs) from
OCEC thermal-gram were identified. This study discusses the primary and secondary sources of WSOC based on

the Classified CTD, organic mass fragments, and diurnal patterns of WSOC. The results provide knowledge regard-

ing the origins of WSOC and their behaviors.
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Fig. 1. Schematic diagram of measurement system for integrated samplers and continuous water soluble organic

carbon (WSOC) by PILS-TOC.
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Table 1. Operational conditions of the peristaltic pump.

Tube I.D (mm)" Pressure lever Flow rate (mL min™") Nomination
1.37 16 1.1514+0.027 DDWI
1.37 15 1.118 +£0.002 Waste 1 &2
1.02 15 0.650+0.000 DDW2
0.76 15 0.367 +0.000 Degas
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15,
PILS H}8ko 2 o Az7), €4 o
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2. 3 PILS (the Particle-into-Liquid Sampler)

PILS-TOCE o}ofst f=F =73 P=gbo] w2
318 SA, A4 FEe 93 EA& A= A
Zlo]et. ool fF A o] wl$- F23 AFX|om, A
3] A Wl=A] o]2 =37 RABlIof s} A A, PILS
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2.4 TOC(Total Organic Carbon)

PILS®] 7h2 A7 A2 RE] W25
2}eled 7}] (SS 0.2 um pore size, Swagelok, USA)el]
o3 B84 fUivtAE 2T B84 FAAAEE
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Table 2. Operational conditions of the TOC (Total Organic Carbon) analyzer.

Mode
On-Line Grab

Time Resolution (min) 4 30"
Regent Oxidizer (uL min ™) 2.0 2.0

Acid (uL min™") 2.0 2.0
Sucrose Check (%) 98.01 104.05
DDW Blank test (ppb) 33.13+5.93 51.90+0.70
Lab blank (ppb) - 129.47+0.36”
Field blank (ppb) 114.25+4.57Y 226.11+2.26
! Three replicate measurements
? Target/Actual x 100 (%)
3 Number of data : 5 (Extraction with only clean Teflon filter)
“'Number of data : 97 (Throughout PILS with HEPA filter)
> Number of data : 3 (Extraction with complete sampling activities)
o AT ojgdonr Rrjetae) s wde  vepio

WSOCE 2@ 4 olA%h 97 A2t COel
S8 AE W) IR WSOC UGS FAT
G gleh We Als ) FlRae) Gake it
= Aol wi$- Fasicly & 4 gl o] ICRS &
Asle] g4 A Fo| TS A A, T
Z)ebael] o3 RS FHadtowy fr|vkA
Ao A =g wddh BH2R7E = 20 el
A3} 7ro] Abg} nh-g-Hel M= QAAHH;PO,)Z ZHAkst
3PA (NH,),S,05)& 247t 20 ulmin”' ff o2 59
WSAlA UV =z Aakd A f{ukg=d (Delay
coil¥} UV =7} AAF7] ok AFukezd=z
o]$% ) 254 nme] UVel FAkskakak<d (NH,),S,04)
o A== OH - ol 2J3) f7]ek4r} CO= ALS}s
of AxmZ&7]e o8 A3 "ot o] FH=
PILS-TOCe|| 2J3t 44 f7|ets s=% v (1)
A} zEe] AlAbgd

(WSOC,—WSOC,)
Qair xt

WSOC,= xQr xtxf  Eq.(1)

}7)4}, WSOC,:= PILS-TOCs| ]38 3% WSOC
=% (ugCm™), WSOC,& TOCZ EAMEY: §7)e
A %% (ppb), WSOC,:= HEPA o] #}x] #}zto] 2|3t
PILS-TOC &% A& wi7d% %= (ppb), Q= PILS
24 27)42(16.7LPM), Q= TOC Y& A= $-9)
2F(0.5mL min "), t= TOC 2 A 7} (4 min), f= —1—7]
A 77 (Degas)2H-E] AbZsE B2 £A WA FE

TOCE A A, 9&=A8 (on-line)Z &4, A&
ZF=914H (grab condition)e] ¢lt}. PILS-TOC A] 2l
Ar 4peid Qesgupgel o8 ANZ 24
Ak e, oi5}) o] A

oA Als 39} whgel o8l $4
A

mlm e o e 2

i
A2F gelstoeh. 2 A3 A4 A W=
0.98 (target/actual), A]L F9] v = 1.042 &
A deld Aeteg deploleh =3 2eg
(18MQ)3} AgA %"‘]E(lab blank) ¥ &4 FA =
(field blank) & 747} #A3le] 5B o] &7
e 24 wARAL 9% 24 ol PILSE
AP ZA S Z2H5}e] PILS-TOC A AE)
e g 24 wAskg
220 A Hze o0 2RW 4
32 wxE 2457] skl 0mLe Eesol
F9)8tar, &= 20°C, A|7F 1208 AA slol] 2L-39}7)
o o8l F2shelch AR o}shA] (PTFE 0.45 wm
pore size, Advantec, Japan)E A}-8-3}o] E-8A] B2]&
AAR F D% 584 A28 IC3 TOCH] 77}
Bk o9 A S84 §7)54 (WSO
PILS-TOCe®] ]38t WSOC,9} oJ3}x] FZo] 23t
WSOC,2 77} eiste] dlole] 48 Saahalch

=

e
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=
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2.5 GC/MS-TD(Gas Chromatography/Mass
Spectrometry-Thermal Desorption) System
GC/MS-TDZ o] 43 #7142 £42, 32 £
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Table 3. Operational conditions of GC/MS-TD system.

GC (Agilent 7890A), MS (Agilent 5975C)

Column : HP-5MS (Length : 30 m, Diameter : 0.25 mm, Film thickness : 0.25 um)

1) Oven setting
Oven temp. : 65°C (10°Cmin"")
Oven rate : 5.3°Cmin"
Max oven temp. : 310°C (5 min)
Total time : 61.26 min
Carrier gas : He (99.999%)

2) Detector setting
Tonization mode : EI(70eV)
Ion source temp. : 230°C
MS Quad : 150°C
TIC scan range : m/z 50~ 550

TD (UNITY?2, Markes International, Ltd., UK)

Cold trap : High boilers trap (U-T2HBL-25), Electrically-cooled sorbent

Split ratio : Splitless
Hold time : 15 min

Trap low : 0°C
Trap high : 360°C
Flow path temp. : 220°C

Sampling
Sample Tube : Glass tube (3.5 inch long x0.25 inch)
Desorb time : 20 min

Desorb flow : 55 mL min~!

Desorb temp. : 360°C

F718m0 S AHEHA] ok wEke] Almntezm EA
& 4 e Aoz ANEE7] AES (Lee et al.,
(2009)). GC/MS-TDe]| =3t ¥4 2718 & 3o Q°f
stdet. 7HeFs], Alart AFE A oA HdA 3.0
em’& HF (punch)E o] g3te] YA AeF At
AFH &, 5= EFFFH (3.5 inch long X 0.25 inch O.D,
Markes, UK)ol] @o] *]-&&bzx]) A8l (Thermal Des-
orption (TD), Unity2, Markes International, Ltd, UK)>}
GC (gas chromatography (Agilent 7890A))-MS (mass
spectrometer (Agilent 5975C))2 %3}3le] A|8& &
Asksdet. TD7]7] el A& F23(Cold Trap) %
A% 0°Colq NEe ALeE P AFRE =
%, 360°Col|A] 1587 debztsle] GC columno 2 o]
ZA A Ovend 27|52 65°CZ 1057 4435}
t}7} 5.3°Cmin ' 22 310°C71A] & % thA] 587
FABkE EAWA e F 6126802 EAFT]
o] £A42 A8ttt GC 23 (HP-5MS, Length
: 30 m, Diameter : 0.25 mm, Film thickness : 0.25 um)
<+ 53 283 A 852 Quadruple MSE- 53l %
Aoz 7% ede

13 2= 2F A8 (0.1 ppm)=E GC/MS-TDE &4
gt A3}e] o e|tt. 29 2(a)E m/z5TE F oA HF
¢l o7} (alkanes)A| DA, 13 2(b)= m/z 668 F
|25kl A 7] HRZEFEA (C20D42, C24D50,
C38D62)2 el om, 73 2(c)= 107}#]2] PAHs

o

271843 A A30A 455

(poly aromatic hydrocarbons; phenanthrene (PHEN),
anthracene (ANTHR), fluoranthene (FLUR), pyrene
(PYR), benzo(a)anthracane (BaA), chrysene (CHRY),
benzo(b&k)fluoranthene (Bb,kF), benzo(e&a)pyrene
(Be,aP))¢} W32 (pyrene-D10, benzo(a)anthra-
can-D12)E #A 3 o] 2AF (2™ 2e~h)E e
ek 78] o] A¥ol X GOMS-TD7} £& 7
=% b sict. 3HA%F Bb, kF9} Be,aP2] 79~ o]
A=k m/z 252 3]=9] )7} 71 #2]3 (long tailing)
o2 veht, m/z 252 o]AFe] PAHsel 7A$ oldew
5 2714¢) TD #4200 & AGsjel 4 A

sl olek.

2.6 OCEC(Organic Carbon & Elemental
Carbon)

OC9} EC 24 & 913te] APA ghaiA7] (Lab-
based OCEC Carbon Aerosol Analyzer, Sunset labora-
tory Inc., USA)Z o] &3}3it} etaBA7]E = 44
Yehdl wlel zte] NIOSHS5040 (National Institute of
Occupational Safety & Health) X 2 ¥Z-(protocol)<
Nzz @ AR FheEe o4l B
o} (Bae et al., 2013). £F 3t Ao oA 2HE 1.5
em® Axksle] EAMslglom, F 254" F 3709 A
2E A BAstEE 2 A3 OCE 97.40+1.21%,
ECE 97.79+£1.92%9 AU=E Jepigich s
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g 10000 | 33034
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& 3000071z 928 m/z 252 Bo.kF
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=
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0 I |
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1
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Fig. 2. Mass fragment ions (m/z) of 57, 178, 202, 228, and 252 related to Alkanes and PAHs compounds with (m/z) of
66, 212, and 240 related to internal standards by GC/MS-TD.

Mol o) $4 Fu Alvkeh sk £ 74 (5% CH,
in He)Z F%138}e] W3-=FE-4 (internal standard)2]
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Table 4. Temperature program and purge gas conditions
for the Sunset Labs OCEC analyzers.

Step Gas Hold time (s) Temperature (°C)
1 He 10 1
2 He 80 310
3 He 80 475
4 He 80 615
5 He 110 870
6 He 45 550
7 He:0O, 45 550
8 He:O, 45 625
9 He:0, 45 700
10 He:O, 45 775
11 He:O, 45 850
12 He:O, 110 870
13 Calibration (CH,) 120 1

2.7 IC(lon Chromatography)
HZ 2 7X|o] AH3 A 8F 30mLe] 2Eed
of A At Woz FE3| TOC-],

(e} T
A B =
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Table 5. MDL (Method of Detection Limit) and Duplication analysis for IC (lon Chromatography).

Sodium Ammonium Potassium Calcium Magnesium
MDL (ppm) 0.009 <0.001 0.065 0.006 <0.001
Differences (ppm) 0.0021£0.0023 0.0032£0.0048 0.0021£0.0018 0.0058 +0.0099 0.0023 £0.0045
Chloride Nitrate Phosphate Sulfate
MDL (ppm) 0.044 0.002 0.005 0.012
Differences (ppm) 0.0003 £0.0006 0.0063 £0.0094 0.0012+0.0014 0.0011£0.0036
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Table 6. Summary of statistical results for mass concentrations for the sampling period.

Mean Standard deviation Sample variance Minimum Maximum Count
WSOC, (ugCm™)" 2.60 1.55 2.39 1.00 6.88 14
WSOC; (ugC m™)? 2.33 1.36 1.84 0.22 6.62 17
OC (ugCm™) 3.18 1.44 2.09 1.60 7.62 17
EC (ugm™) 1.29 0.47 0.22 0.60 2.42 17
OC/EC 2.54 0.72 0.52 0.93 3.58 17
WSOC,/OC 0.71 0.21 0.04 0.14 0.98 17
WIOC (ugCm™3)* 0.85 0.59 0.35 0.05 2.00 17
> PAHsY 2.79 1.89 3.57 0.99 8.31 17
> 57/66 m/z 217 1.88 3.53 0.01 7.14 17
Cl™ (ugm™) 0.36 0.55 0.30 0.00 1.77 17
NO; (ugm™) 4.90 3.63 13.17 0.11 12.81 17
SO2 (ugm™) 11.78 6.54 42.80 1.21 26.42 17
NH," (ugm™) 5.18 2.80 7.82 0.49 11.29 17
K™ (ugm™) 0.25 0.20 0.04 0.01 0.91 17
Mg>* (ugm™) 0.05 0.04 0.00 0.00 0.15 17
D'Water soluble organic carbon from PILS-TOC.
2 Water soluble organic carbon from TOC based on 24 hour integrated filter-extracts.
3 Differences between OC and WSOC:.
4 Sum of PHEN, ANTHR, FLUR, PYR, BaA, CHRY, Bb kF, Be,aP.
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Fig. 4. (a) Time series of 1 hour averaged WSOC, and daily WSOC; with pairwise correlation scatterplots between daily
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(c) time series of the carbonaceous mass concentration related to sum of WSOC;, WIOC, and EC, (d) carbona-
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